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Development of new mathematical methods and algorithms for verifying the adequacy 
of mathematical models of objects based on data from a natural experiment to 
determine the functional stability area 


Abstract: The relevance of the development of applied mathematical modelling, which includes numerical 
methods and software packages in its problem area, its importance for the entire economic activity of the 
country as a whole, is due to the intensive digitalisation and computerisation of all technological chains 
of production processes. The integration of production support and various databases, as well as all parts 
of production and their effective management, require the development of comprehensive research of 
mathematical methods for modelling production processes. To date, mathematical modelling is applied 
to calculations of the financial stability point function, which does not fully reflect the variability of the 
predicted consequences, and consequently, the set of measures to preserve this stability. Due to the 
complication of production and economic relations, the need for modeling and calculating the area of 
financial stability, i.e., a set of marginal and non-marginal indicators, under which the economic condition 
of the enterprise will be considered to be acceptably stable, is actualised. The scientific problem is that 
mathematical modelling of production and economic processes does not provide for a wide variability 
(set) of indicators of financial stability as an area, which prevents flexivity in the economic activity of the 
enterprise. The scientific novelty of the work consists in the development of a method and algorithm for 
determining the financial stability area of an economic entity. The purpose of the study was to create a 
mathematical apparatus for calculating the financial stability of an enterprise. In the course of the study, 
the works of leading scientists and researchers in mathematical modelling and business processing, as 
well as the works of the authors of the article in this field were used. The authors presented a methodology 
for the development of quantitative indicators and, based on it, a methodology for mathematical 
modelling of calculating the financial stability area as a mathematical system that includes all eight main 
coefficients accepted as parameters of financial stability, and considers the limits that correspond to the 


economic indicators of the stability of the enterprise. 


Keywords: financial stability area, mathematical modelling, business process, algorithmisation, 
automatisation of modelling calculations, financial stability of the enterprise. 
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PaspaborTKa HOBBIX MaTCMaTHUCCKHX MCTOAOB HW AATOPHTMOB IIPOBeCpKH aACKBaTHOCTH 
MaTeMaTuudeCcKux MOAeACH OObeKTOB Ha OCHOBE A@HHBbIx HaTypaAbHOToO SKCIICpHMeHTa 


110 OLIpeAeAeHHO OOAaCcTH CbyHKUMOHAABHOM CTAaOMABHOCTH 


Annomayua: AKTYAADHOCTD pasBHTHA IpMKAaAHOTO MaTeMaTH4ecKOrO MOACAMpOBaHHA, BKAIOUAFOLMIAA B 
CBOIO IPOOAeMHYIO OOAACTh YMCACHHBIC METOABI MH KOMIACKCEI IIPOrpaMM, ero 3HadeHMe AAA BCE 
XO3AHCIBCHHOH ACHTCABHOCTH CIpaHbl B I[CAOM, OOyCAOBAeCHa MHTCHCHBHOIt uucbposusaner u 
KOMIIbIOTepH3altHel BC€X TEXHOAOTHUYECKHX LWeMOUeCK MPOM3BOACTBeHHBIX Uporeccos. Murerpanma 
MIPpOM3BOACTBEHHOTO OOeCHedeHHA HM pa3sAH4HBIX 623 AAHHBIX, a TAKKE BCCX 3BEHbEB IPOM3BOACTBA H HX 
adbcbeKTHBHOTO ylpaBAcHHA, TpeOyIOT pa3BHTHA KOMIIACKCHBIX MCCACAOBaHHIi MaTeMaTHueckHx 
METOAOB MOACAHPOBaHHA IPOHM3BOACTBEHHEIX Ipomeccos. Ha ceroAHAMIHHIT ACHb MaTemaTH4ecKoe 
MOACAMpoBaHHe TIpHMeHAercA K pacuéram CbyHKUMH TOuKM CbuHaHCOBOI craOHABHOCTH, ¥TO He 
OTpa@kKael B IOAHOM Mepe BapHaTHBHOCTb IPpOrHO3HpyeMBbIX IIOCACACTBHIi, a CACAOBaTCABHO, 1 
KOMIIACKCAa ME€PONPHATHII WO COXpaHeHHIO AaHHOit craOuAbHocru. B cBA3H c ycAO*KHeEHHeM 
MIPOM3BOACTBEHHBIX HM IKOHOMHU4ECKHX OTHOLICHHI akKTyaAH3HpyeTCA HEOOXOAHMOCTb MOACAMPOBaHHA 
Mw pacuéra OOAactu cbuHaHCOBOM CraOMAbHOCTH, T.€., COBOKYHHOCTH IPCACAbHBIX HM HeIPeCACADHEIX 
MOKasaTeAcH, IPH KOTOPbIX 9KOHOMHT4ECKOe COCTOAHMe MpeAUpuATHe OyAeT CUMTaTbCA AOILyCTHMO 
craOwApHEm. HayaHoi mpoOAemoit «BAfeTcH TO, UYTO MaTemMaTHuecKoe MOAcCAMpoBaHHe 
MIPOM3BOACTBCHHBIX HM 9KOHOMMYECKHX IIPOLeCccCOB He IpeAYCMaTPHBaecT WIMpOKyIO BapHaTHBHOCTb 
(MHO2KECTBO) HOKa3aTeAelt C(puHaHCOBOL CraOHABHOCTH Kak OOAACTH, YTO UpenATcrByer C(pAeKcuBHOCTH 
B 9KOHOMHYECKOM ACATEADHOCTH UpeAupuaATua. HayaHad HOBH3Ha paOOTHI 3aKATOUAETCA B paspaOoTKe 
MeTOAa HW aATOpHTMa OTpeAcAeHuA OOAaCTH CbuHaHCOBOH CTaOHMABHOCTH 9IKOHOMHYECKOLO CyO'beKTA. 
Lleapro uccAeAOBaHHAl OBIAO CO3AaHHe MATeEMATHU4eCKOTO alliapata BEIMHCACHHA OOAacTH CbuHaHCOBOli 
craOMAbHocTu upeAupuaTus. B xoAe paOoTE! ObIAM HCHOAD3OBaHEI TPYABI BeAYIMX yUCHbIX 
MCCACAOBATEAECH B OOAACTH MATeMaTH4eCKOLO MOACAHPOBaHHA M Ou3HeC-IpOMeccHHra, a TakrKe paOOTHI 
aBTOPOB CTaTbH B AaHHOL OOAactTH. ABTOPbI IIpeACTaBHAH METOAOAOTHIO paspaOOTKH KOAH4ECTBCHHBIX 
moKasaTeAeli H Ha Oa3se Heé METOAOAOTHIO MaTeMaTHuecKOrO MOAcCAMpOBaHHA pacuéra OOAacTH 
cbuHaHcoBolt craOMvABHOCTH (YCTOMUMBOCTH) KaK MAaTeMaTHUeCKOl CHCTeMBI, KOTOpas BKAIOUACT B CeOA 
BC€ BOCEMb OCHOBHBIX KOsc:p*buLMeHTOB, IPHHATEIX Kak TapaMeTpEl cbuHaHCOBOL CTaOHAbHOCTH, U 
YUMTEIBACT IPCACAbI, KOTOPBIC COOTBETCIBYIOT 9IKOHOMHUCCKHM OKa3areAAM cCTaOWMABHOCTH 


TIpeAlIIpHATHA. 


Kunouesoie cosa: OOAaCTb CbuHaHCOBOIt CTaOMABHOCTH, MaTeMaTHuecKOe MOAeCAMpoBaHHe, OM3HEC- 
IIpolecc, aATOPHTMU3alHA, aBTOMATH3allA pacuéTroRB MOAeCAMpoBaHuA, CbuHaHcOBad cTaOHABHOCTS 


IIpeAUpHATHA. 


Introduction 

The relevance of the development of applied mathematical modelling, which includes 
numerical methods and software packages in its problem area, its importance for the entire 
economic activity of the country as a whole, is due to the intensive digitalisation and 
computerisation of all technological chains of production processes. The integration of 
production support and various databases, as well as all parts of production and their effective 
management, requite the development of comprehensive research of mathematical methods for 
modelling production processes. 

Microeconomic processes, as well as business processes, are a basic component of the life 
cycle of any enterprise. To date, mathematical modelling is applied to calculations of the financial 
stability point function, which does not fully reflect the variability of the predicted consequences, 
and consequently, the set of measures to preserve this stability. Due to the complication of 
production and economic relations, the need for modeling and calculating the area of financial 
stability is actualized, ie., a set of marginal and non-marginal indicators under which the 
economic condition of the enterprise will be considered to be permissible stable. 

The scientific problem is that mathematical modelling of production and economic 
processes does not provide for a wide variability (set) of indicators of financial stability as an 
area, which prevents flexivity in the economic activity of the enterprise. 

The object of the study was mathematical modelling of sets of production and economic 
indicators. 

The subject of the study was methods and algorithms of mathematical modelling of 
production and economic indicators. 

The purpose of the study was to create a mathematical apparatus for calculating the financial 
stability of an enterprise. 

To achieve the purpose, it is necessary to solve the following study tasks: 

— develop a model of algorithmisation and automation of calculations modelling the financial 
stability of the enterprise; 

— design a methodology for the development of quantitative indicators; 

— develop a methodology for mathematical modelling of calculating the financial stability area 

GSA). 

General scientific logical, historical, statistical, comparative methods, mathematical 
modelling, data analysis, and generalisation were used to achieve the purpose and solve problems 
in the course of the study. 

The study’s scientific novelty is the development of a method and algorithm for determining 


the financial stability area of an economic entity. 


The study’s theoretical significance is the development of a method for defining a new 
concept in the economic analysis of an enterprise — the field of financial stability. 

The study’s practical significance is the development of a new mathematical method and 
algorithm for verifying the adequacy of mathematical models of objects based on natural 
experiment data. 

In the course of the work, the works of leading scientists and researchers in the field of 
mathematical modelling and business processing, e.g., L. Zadeh (7965), G.C. Chow (7997), C.W. 
Churchman (7963), D.N. Gujarati (7992; 1995), M. Harzallah (2007), 1., Hofacker and R. 
Vetschera (2007), K.-Y. Jeong (2008), M. Koubarakis (2002), K.I. Kurpayanidi (2079), S.G. 
Powell, M. Schwaninger and C. Trimble (2007), A.E. Teshabaev (2078), K. Vergidis and A. 
Tiwari (2008), L. Whitman and B. Huff (7997), as well as the works of the authors of the article 
in this field were used (Buychik, 2021a; Buychik, 2021b, Komissarov, 2021 a, Komissarov, 20210). 


Development of models for algorithmisation and automatisation of calculations in 
financial stability of the enterprise 

The first part of the article describes the development of models for algorithmisation and 
automatisation of calculations for modelling the financial stability of an enterprise and algorithms 
for their verification in EPC and IDEFO notations, as well as using the ABC methodology 
(Buychik, 20212). 

Modelling in the EPC notation (event chain of processes) characterises the process of 
automating calculations as a set of sequential measures for the production of the final product — 
determining the indicators of the financial stability of the enterprise (Figure 7). Based on the 
model executed in EPC notation and tested on the experimental site of the enterprise, the 
microlevel processes of each stage of the EPC model were modeled in IDEF notation (Business 
Process Model and Notation) to create an algorithm of actions and minimise the risks of producing 
erroneous intermediate indicators, which are later used to obtain the area of financial stability 
(Figure 2). 

To develop models of algorithmisation and automatisation of calculations for modeling the 
financial stability area, it is necessary to create an algorithm for providing initial (resource) data 
from the company’s balance sheet. 

1. The financial autonomy coefficient shows the share of equity and the reserve value of 
assets and is calculated by dividing equity by total assets. Consequently, the constituent 
components of equity in the company’s balance sheet are: 

e 1310 “Authorised Capital (share capital, authorised capital, contributions of associates)’; 
e 1320 “Own Shares Repurchased from Shareholders”; 

e §=1340 “Revaluation of Non-Current Assets’; 

e 1350 “Additional Capital (without revaluation)”; 

e 1360 “Reserve Capital’; 

e 1370 “Retained Earnings (uncovered loss)”. 

Using IDEF notation, equity can be represented in the form of a diagram (Figure 3). Total 
assets are recorded on the left side of the balance sheet — its asset. The total amount of non- 


cuttrent assets is indicated in line 1100, current assets — in line 1200. Their amount on the balance 


reflects line 1600. Therefore, using IDEF notation, aggregate assets can also be represented in 
the form of a diagram (Figure 4). Thus, the algorithmisation and automatisation model of 
calculating the coefficient of financial autonomy can be represented by a consolidated algebraic 
scheme (Figure 5). 

2. The coefficient of own and borrowed funds represents the share of borrowed funds in 
total sources of financing. The algorithm for calculating equity is shown in part 1. In the 
company’s balance sheet, line 1410 “Credits, loans (long-term liabilities)” and line 1510 of the 
same name “Credits, loans (short-term liabilities)” are provided for reflecting borrowed funds. 
Therefore, using IDEF notation, borrowed funds can be represented in the form of a diagram 
(Figure 6). Thus, the algorithmisation and automatisation model of calculating the coefficient of 
own and borrowed funds can be represented by a consolidated algebraic scheme (Fzgure 7). 

3. The coefficient of availability of own working capital provides an assessment of the 
availability of the company’s own funds for financial support of current activities. In 
mathematical terms, the calculation involves dividing the difference between equity and non- 
current assets by working capital. The algorithm for calculating equity is shown in part 1. The 
indicator of non-current assets in the company’s balance sheet is reflected in nine lines. 
Therefore, using IDEF notation, non-current assets can be represented schematically (Figure 8). 
Current assets include six lines of the balance sheet. Therefore, using IDEF notation, current 
assets can also be represented schematically (Figure 9). Thus, the algorithmisation and 
automatisation model of calculating the coefficient of provision with own working capital can 
be represented by a consolidated algebraic scheme (Figure 10). 

4. The financial stability coefficient provides a generalised or generalised analysis of the main 
sources of financing of the company’s assets and is calculated by dividing the amount of own 
and long-term borrowed funds by the currency of the organisation’s operations. The indicator 
of own funds (assets) is presented in part 1. The indicator of long-term borrowed funds is 
determined by line 1410. The indicator of the currency balance is determined by lines 1600 
“Currency of the Balance of Assets” and 1700 “Currency of the Liabilities Balance’. Therefore, 
using IDEF notation, the currency balance can be represented schematically (Figure 17). Thus, 
the algorithmisation and automatisation model of calculating the financial stability coefficient 
can be represented by a consolidated algebraic scheme (Figure 12). 

5. The maneuverability coefficient of equity represents the level of total liquidity of the 
financial assets of the enterprise and represents the private difference of equity and non-current 
assets for the same equity. Thus, the algorithmisation and automatisation model of calculating 
the maneuverability coefficient of equity can be represented by a consolidated algebraic scheme 
(Figure 13). 

6. The coefficient of the degree of solvency of a legal entity reflects the coefficient of the 
ability of the enterprise to pay its current obligations. The coefficient and is calculated by dividing 
the amount of current liabilities by the average monthly revenue. Thus, the algorithmisation and 
automatisation model for calculating the solvency coefficient can be represented by an algebraic 
scheme (Figure 14). 

7. The short-term debt ratio shows the share of short-term sources of borrowed funds that 


generate risks to the financial stability of a legal entity. The coefficient is a quotient of short-term 


and total borrowed funds. Therefore, using IDEF notation, the short-term debt coefficient can 
be represented by an algebraic scheme (Figure 75). 

8. The current liquidity coefficient shows the ability of an enterprise to direct current assets 
to repay its own short-term liabilities. The coefficient is the ratio of current assets and borrowed 
funds. Thus, the algorithmisation and automatisation model of the calculation of the current 
liquidity coefficient can be represented by an algebraic scheme (Figure 16). 

Thus, the first part of the article presents the results of modeling the algorithmisation of all 
eight coefficients for calculating the financial stability of the enterprise. In the generalised 


version, the general algorithm can be represented by a business process diagram (Figure 17). 


Methodology for the development of quantitative indicators 

The second part of the article provides a methodology for the development of quantitative 
indicators that will be used to model the financial stability area. 

The ABC (triplicity of indicators) methodology is used in modern financial management to 
determine extreme and median indicators, which are later used in production or strategic 
planning, as well as calculations in complex mathematical models of decision-making and 
obtaining results under uncertainty. 

From the economic side of modeling innovative production and economic projects, which 
include the calculation of the financial stability area, the most important condition is the 
presentation of a model that can be determined during the relevant analysis. The analysis of the 
financial stability of the enterprise was performed using the calculation of the coefficients of 
eight multicomponent key indicators: 

e = the coefficient of autonomy (Ka), 
e = the coefficient of own and borrowed funds (Kosr), 
e = the coefficient of the enterprise’s own working capital (Krowc), 
e = the coefficient of financial stability (Kes), 
e = the coefficient of equity’s maneuverability (Kem), 
e = the coefficient of solvency (Ks), 
e the coefficient of short-term debt (Ksrp), 
e = the coefficient of current liquidity (Kcr). 
Consequently, the methodology for the development of quantitative indicators took into 


account the above indicators: 


N= > Kxnq (1) 
there: 


Nis sum of indicators, 


> K = {K4, Koper, Keowc Kes) Kem Ks- Ksrp, Ker} 
na is number of alternatives. 
Since eight indicators are used in the calculation, the following formula is used: 
N=8xXnq. (2) 
In the course of modelling, the analysis of the inclusion of calculations of a set of key 


indicators for determining the financial stability of an enterprise in a set of criteria for choosing 


an alternative was performed. The criterion of indifference was excluded from the criteria, since 
the study was conducted considering the definition of a set of indicators of financial stability, in 
which an alternative with the maximum average result is calculated, which by definition is 
included in financial stability. 

The remaining four criteria were used to construct the calculation of the set of alternatives: 

M=4N, (3) 

there: 
Mis number of alternatives, 
Nis the sum of the indicators of each alternative. 

The alternative assumes the presence of at least two options; therefore, the following 


formula is applicable in an expanded form: 
n 


M =4X8X1q= 32%) Ma. (4) 
i=2 

Thus, if one scenario (a set of indicators) obtained under the conditions of modelling one 
situation, i.e., one set of parameters, is included in the calculations, at least 64 solutions are 
presented as a set of points of financial stability within the relevant area. 

When considering the variation of the indicators of the share of equity and the reserve of 
the value of assets that issue as a private coefficient of financial autonomy, at least six options 
are generated, which, in turn, determine the appropriate number of alternatives. As part of the 
decision-making process to determine the point of financial stability, four criteria are applied for 
the financial stability area under conditions of uncertainty, which increases the number of 


alternatives: 
n 


M =4X8X1qX6= 192%) Mo. (5) 
i=2 

As a result of the use of a variety of options for only one of the financial stability coefficients, 
when it is limited exclusively to tenths, a variation that is a multiple of 192 when considering 
each subsequent alternative, arises. 

When obtaining such a large set of indicators, it is proposed to introduce the triplicity 
principle of final indicators (ABC methodology) into the algorithm at each stage of calculations, 
ie., the output of maximax, minimin, and median (mid) indicators. Thus, each of the eight 
coefficients in the final form is represented as three indicators, forming a more specific and 
optimal set of 24 final indicators of financial stability, forming areas of financial stability: 

M=8xn,X3=24n,. (6) 

In the course of a natural experiment at the enterprise of the Viaduct LLC, specialising in 
the production of crackers, biscuits, and other breadcrumbs, the production of flour 
confectionery, cakes, pastries, pies, and biscuits intended for long-term storage, the minimum, 
median and optimal coefficients were used for calculations (Tabb 7). 

To describe the development of quantitative indicators, it is necessary to present all the 
coefficients of financial stability of an enterprise in the form of mathematical expressions (Tab 
2). 

Thus, the calculation of the total coefficients in the mathematical model can be represented 


as follows: 


> Kamin = Hee sem jamin jemi jamin jemi emi jemn, (7) 


>, Kimia = Kau + dele + rela + elt + sel + reel sed + dent, (8) 


> Rmax = Kafs + kyrps t+ kops thips’ + kings + kops + haps + kif”. (9) 
Based on the total indicator of the minimum coefficients, the average indicator will be 


calculated as follows: 


p> Kmin 
3. 
Therefore, according to the economic indicators of financial stability, the average minimum 


Mmin = (10) 


indicator will be as follows: 


Vkmin 05+0.540.2+08+03+05+041 
Min = = 3 = 0478. 


Based on the total indicator of the median coefficients, the average indicator will be 


calculated as follows: 


X kimi 
Mmia=———. (11) 


Therefore, according to the economic indicators of financial stability, the average median 
indicator will be as follows: 
Vkmia  0.6+0.6+ 0.34 0.94+0454+064+01+41 


n 8 
Based on the total indicator of the maximum coefficients, the average indicator will be 


= 0.569. 


Mmia = 


calculated as follows: 


k 
Mmax = 2 — . (12) 


Therefore, according to the economic indicators of financial stability, the average maximum 
indicator will be as follows: 
k 0.7+0.7+04+1+4+064+0.74+0.24+1 
Mmase = 7 TO = = 0.663. 
Accordingly, the financial stability area of the Viaduct LLC enterprise is within the range of 


indicators from 0.475 to 0.663, which will contain 24 indicators. 

To calculate the limits of the conditions of the financial stability area, the sums of the 
extreme corresponding coefficients of the indicators and the remaining two averaged indicators 
are used. 

To calculate the lowest extreme indicator of the financial stability area, it is used the formula: 

Manin t+ Mmia + Mmax 


Mminimin = > "a7, (13) 


To calculate the extreme highest indicator of the financial stability area, it is used the 
formula: 
kMOX 4. Minin + Mini 
Mmaximax = SS (14) 
Consequently, further calculations of the extreme conditions of the area, based on the 
minimum coefficient indicators in each group of indicators, were made: 
km 4 Mmia t+ Mmax 0+ 0.569 + 0.663 


oh ee ge ee a, 
minimin n 3 


ce kinax + Mmin + Mmia ” 1+ 0.475 + 0.569 Seer: 
n 3 


Consequently, the Viaduct LLC’s financial stability area will be a set of 192 indicators that 
fall within the limits of indicators from 0.411 to 0.681. 

These indicators and limits of the set are fully confirmed by the accounting financial stability 
of Viaduct LLC for the fiscal year 2021. 

Thus, the second part of the article provides a methodology for the development of 
quantitative indicators that will be used to model the financial stability area. In the course of 
modelling, the analysis of including calculations of a set of key indicators for determining the 
financial stability of an enterprise in a set of criteria for choosing an alternative was performed. 
The criterion of indifference was excluded from the criteria, since the study was conducted 
considering the definition of a set of indicators of financial stability, in which an alternative with 
the maximum average result, which by definition is included in the financial stability area, is 
calculated. When obtaining a large set of indicators, it is proposed to introduce the principle of 
triplicity of final indicators into the algorithm at each stage of calculations. Thus, in the final 
form, each of the eight coefficients is represented as three indicators, forming a more specific 
and optimal set of 24 final indicators of financial stability, forming the financial stability areas. 
The approbation of this methodology on the materials of the economic indicators of Viaduct 
LLC for the 2021 fiscal year confirmed its effectiveness and compliance with the financial 


analysis of the enterprise according to the accounting documentation. 


Methodology of mathematical modelling of calculating the financial stability area 

The third part of the article presents the methodology of mathematical modeling of 
calculating the financial stability area as a mathematical system. 

When mathematically modelling a mathematical system for calculating the financial stability 
area, it is necessary to consider the areas of optimal variation in the indicators of each initially 
separately presented component, presented as a normative value, therefore, is the mathematical 
limits of the indicators of each component. 

For the mathematical representation of economic indicators, the ratio of which the 
economic coefficients of financial stability are calculated, it is necessary to determine their 
mathematical designations (Table 3). 

Based on this, the authors present the coefficients of the main components of the system 
and the formulas for their calculation with mathematical limits. 

1. The autonomy coefficient shows the share of equity and the reserve value of assets and 
is calculated by dividing equity by total assets: 

EQ 


p=— 
aan 


(15) 
there: 

K, is the coefficient of autonomy, 

EQ is the indicator of equity, 

TA is the indicator of total assets. 


Therefore, the calculation of the coefficient can be represented mathematically: 


i 
kaggg=o >. 6) 
lta 


there: 
kf is the coefficient of autonomy, 
dg 1S the indicator of equity, 
Za 1s the indicator of total assets. 
Based on the regulatory limits, this formula can be represented as 0.5 < Ky < 0.7, 
ot 0.5 < Kars < 0.7, ic, Kars(0.5, 0.7). 
2. The coefficient of own and borrowed funds represents the share of borrowed funds in 
total sources of financing: 


K = a 17 
OBF — FS’ ( ) 


there: 
Kor is the coefficient of own and borrowed funds, 
BF is the indicator of borrowed funds, 
FS is the indicator of the source of funding. 

Therefore, the calculation of the coefficient can be represented mathematically: 

kyo = =e, (18) 
ifs 

there: 
ky is the coefficient of own and borrowed funds, 
iis the indicator of borrowed funds, 
7 1s the indicator of the source of funding. 

Based on the regulatory limits, this formula can be represented as 0.5 < Kogr < 0.7, 
ot 0.5 < krps $0.7, ive., kyps(0.5, 0.7). 

3. The coefficient of the enterprise’s own working capital provides an assessment of the 
availability of the company’s own funds for financial support of current activities. In 
mathematical terms, the calculation involves dividing the difference between equity and non- 


current assets by working capital: 


EQ-nCA 
Keowc = 3) a (19) 

there: 

Keowc 1s the coefficient of the enterprise’s own working capital, 

EQ is the indicator of equity, 

nCA is the indicator of non-cutrent assets, 

CA is the indicator of current assets. 


Therefore, the calculation of the coefficient can be represented mathematically: 


lec = inca 
Kogs = ae ae (20) 


there: 
Ry is the coefficient of the enterprise’s own working capital, 
Ze 1s the indicator of equity, 
ina 1S the indicator of non-current assets, 
Za is the indicator of current assets. 
Based on the regulatory limits, this formula can be represented as 0.2 < Kggwc S 0.4, 
ot 0.2 < Kprs < 0.4, i.c., kpps(0.2, 0.4). 
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4. The coefficient of financial stability provides a generalised analysis of the main sources 
of financing of the company’s assets. It is calculated by dividing the amount of own and long- 
term borrowed funds by the currency of the enterprise’s operations: 

FS + LBF 
= (21) 
there: 
Kgs is the coefficient of financial stability, 
FS is indicator of the source of funding, 
LBF is indicator of long-term borrowed funds, 
CB is indicator of currency balance. 
Therefore, the calculation of the coefficient can be represented mathematically: 
ye, (22) 
cb 

there: 
ke is the coefficient of financial stability, 
7 1s the indicator of the source of funding, 
Zp is the indicator of long-term borrowed funds, 
Z» 1s the indicator of currency balance. 

Based on the regulatory limits, this formula can be represented as 0.8 < Krs < 1, 
or 0.8 < kjps S Lie, kjps(0.8, 1). 

5. The coefficient of equity’s maneuverability represents the level of total liquidity of the 
financial assets of the enterprise and represents the private difference of equity and non-current 


assets on the same equity: 
Key =——— (2 3) 
there: 


Kew is the coefficient of equity’s maneuverability, 
EQ is the indicator of equity, 
nCA is the indicator of non-current assets. 
Therefore, the calculation of the coefficient can be represented mathematically: 
kms ==, 24) 
let 


there: 
Rn is the coefficient of equity’s maneuverability, 
zg 1S the indicator of equity, 
Inca 1S the indicator of non-current assets. 
Based on the regulatory limits, this formula can be represented as 0.3 < Kgy < 0.6, 
ot 0.3 < kmys < 0.6, ive, kms (0-3, 0.6). 
6. The degree of solvency of a legal entity reflects the coefficient of the enterprise’s ability 
to pay its current obligations. The coefficient and is calculated by dividing the amount of current 


liabilities by the average monthly revenue: 
(25) 
there: 
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Ks is the coefficient of solvency, 
CLA is the indicator of the amount of current liabilities, 
AMR is the indicator of average monthly revenue. 
Therefore, the calculation of the coefficient can be represented mathematically: 
lela 


Ksps = ; , (26) 


amr 


there: 
ky: is the coefficient of solvency, 
ia 18 the indicator of the amount of current liabilities, 
Zam 1S the indicator of average monthly revenue. 
Based on the regulatory limits, this formula can be represented as 0.5 < Ks < 0.7, 
of 0.5 < kgs $0.7, ie., kgp5(0-5, 0.7). 
7. The coefficient of short-term debt shows the share of short-term sources of borrowed 
funds that generate risks to the financial stability of a legal entity. The coefficient is a quotient of 


short-term and total borrowed funds: 
CLA 
Ksrp = TBR’ (27) 
there: 
Ksrp is the coefficient of short-term debt, 
CLA is the indicator of the amount of current liabilities, 
TBR is the indicator of total borrowed funds. 
Therefore, the calculation of the coefficient can be represented mathematically: 


lcla 


Kags =>, (28) 
ltpr 


there: 
Rye is the coefficient of short-term debt, 
ia 18 the indicator of the amount of current liabilities, 
Zr is the indicator of total borrowed funds. 
Based on the regulatory limits, this formula can be represented as 0 < Ksrp < 0.2, 
or 0S kgps < 0.2, ie., Kars (0, 0.2). 
8. The coefficient of current liquidity shows the ability of an enterprise to direct current 
assets to repay its own short-term liabilities. The coefficient is the ratio of current assets and 


borrowed funds: 
CA 


Ken = — 
cL CLA’ 


(29) 
there: 


Kez is the coefficient of current liquidity, 
CA is the indicator of current assets, 
CLA is the indicator of the amount of current liabilities. 
Therefore, the calculation of the coefficient can be represented mathematically: 
lca 
kizs=——, — (30) 


lela 


there: 
ky is the coefficient of current liquidity, 
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ia is the indicator of current assets, 

Za is the indicator of the amount of current liabilities. 
Based on the regulatory limits, this formula can be represented as Ke, = 1, ot kis = 1. 
Thus, according to the financial limits of the coefficients, the mathematical limits of the sets 

of indicators are also established (Tabk 4). 

Since all eight coefficients of a single process are used in the mathematical modelling of this 
system, their interpretation can be presented in the form of indicators of related kr, coefficients 
(Table 2). 

Several patterns are observed in the comparative analysis of the limits. 

1. Similarity of coefficient indicators: 

Raps~krps~Ksps, ot Kaps(0.5,0.7), ky¢s(0.5, 0.7) and ks¢5(0.5, 0.7). 

Therefore, the sum of these coefficients in the model can be represented by the arithmetic 
mean of the set: 

Kags a2 Kreps + Ksps 


kd, = : 


(31) 

It follows from the calculations that 

kfs € (0.5, 0.7). 

2. The reversibility of the coefficients is kj; +kars =1, because kjrs(0.8,1) and 
Kazs(0, 0.2) despite the fact that these coefficients have oppositely directed vectors of values at 
the enterprise. 

Therefore, the sum of these coefficients in the model can be represented by a separate 
coefficient: 

kps = Kips t kags=1. (32) 
Ks = 1. 

3. The similarity of the indicators of the initial and synthesised coefficients: kps~ky fs because 
kj. = Land ki, = 1. 

Therefore, the sum of these coefficients in the model can be represented by an arithmetic 


mean equal to 1: 


k!. 
k2, = =1. (33) 
Kigs 
kf, = 1. 
In expanded form, this formula can be represented as: 
kipg tk 
kK? = dfs J | (34) 
Kifs 
kf, = 1. 


4. Compositeness of coefficient indicators: Kp¢5(0.2, 0.4) and kms; (0.3, 0.6). 
Therefore, the sum of the numerical indicators of these coefficients in the model will 
represent clearly defined limits from 0.5 to 1: 
k's = Kpps + kmps = (0.5,1). (35) 
k7, € (0.5, 1). 
Thus, to calculate the financial stability area as a system of indicators, the mathematical 


model will be presented as follows: 
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Kags t+ krps +k Kypg +k 
kps = kps + kps + fy = AE Eg It kspe temps (36) 
lfs 
ie, ks € (2,27). 
When rounding ky, to tenths, a set of indicators of the financial stability area equal to eight 
is determined. The whole set will determine the options for the stability of the system. 
To verify krs in the system of the financial stability area, another mathematical interpretation 
is applicable. 
Since kis > kf's not less than 2, but not more than 4, then: 
k3 
ge 24 G7) 
k 
fs 
Therefore, ke : (2,4). 
At the same time, the mathematical model of the financial stability area can be represented 
in the following expression: 
eft k3 


fs fs 
k~s = ==. ~—=088) 
os kf kes * KFs 


i.e., kes (2,4). 

When rounding ky, to tenths, a set of indicators of the financial stability area equal to 11 is 
determined. The whole set will determine the options for the stability of the system. 

Thus, the full mathematical model of the system for calculating the financial stability area 
can be represented as follows: 

kps = keys + hfs + kj 
2< Kis <4 o” 
fs 

Based on the Viaduct LLC enterprise, a natural experiment was performed on the 
calculations of the financial stability area. The indicators of the enterprise’s financial stability 
coefficients for the 4th quarter of 2021 were applied (Tab 5). 

1. The calculation of similar indicators was made: 
_ 0.59 + 0.62 + 0.55 


keeaa - - = 0.59 € (0.5, 0.7). 
A 0.51 + 0.66 + 0.58 

ke.a2 = ——, —— = 0.58 € (0.5, 0.7). 
: 0.61 + 0.69 + 0.63 

kpgas = 3 —— = 0.64 € (0.5, 0.7). 
‘ 0.55 + 0.58 + 0.60 

kpgas = ——3 — = 0.58 € (0.5, 0.7). 


2. The calculation and verification of the reversibility of the coefficients was performed: 


Kesat = 0.80 + 0.20 = 1. 
Kpsaz = 0.914 0.09 = 1. 
kpsa3 = 0.92 + 0.08 = 1. 
Kpsaa = 0.86 + 0.14 = 1. 


All quarterly reversible coefficients corresponded to 1. 
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3. The similarity of the indicators of the initial and synthesised coefficients of reversible 


quarterly indicators and the current liquidity coefficient was confirmed: 
1 


2 = = 
Kesat = 1 = 1, 
i] 

2 = 
hee og = 
kegs = ite =1 
fs? 401 
Pope Se 
fs "0.99. 


4. The compositeness of the coefficients Kpr; and Kkmps is calculated: 
kecat = 0.21 + 0.35 = 0.56 € (0.5, 1), 
kp ga2 = 0.28 + 0.37 = 0.65 € (0.5, 1), 
kesas = 0.33 + 0.39 = 0.72 € (0.5, 1), 


kpeas = 0.31 + 0.36 = 0.67 € (0.5, 1). 


By the next stage of the algorithm for calculating the financial stability area as a system of 
the indicators of mathematical model, calculations were performed: 
qit keeat + keeat = 0.59+14 0.56 = 2.15 € (2, 2.7), 
a2 + kfea2 + kecaz = 0.58 +14 0.65 = 2.23 € (2, 2.7), 
kpsa3 = kas + kesas + koa = 0.64+ 14 0.72 = 2.36 € (2, 2.7), 
kpoat = Kpea + ke aa + kecas = 0.58 + 1+ 0.67 = 2.25 € (2,2.7). 


To verify quarterly ks in the financial stability area system, a mathematical interpretation 


Ss 


kpoar = kp 
kpsaz = kp 


was applied: 


k3 g 
2</ <4. 
fsd 


1st quarter — 2.15 : 0.59 = 3.644, 
2nd quarter — 2.23 : 0.58 = 3.845, 
3rd quarter — 2.36 : 0.64 = 3.688, 
4th quarter — 2.25 : 0.58 = 3.880. 

Consequently, the quarterly parameters of the financial stability coefficients fully comply 

with the conditions of the model of the second variant: 
keys = Ks + ks + kj 
k3 
2sH<4 
fs 

Since the results of the calculations of mathematical modelling of the financial stability area 
fully correspond to the quarterly accounting statements on the economic stability of the Viaduct 
LLC, this model can be considered practically applicable and relevant for determining the 
financial stability area. 

Thus, the developed methodology of mathematical modelling of calculating the financial 
stability area as a mathematical system, it includes all eight main coefficients accepted as 
parameters of financial stability, and includes the limits that correspond to the economic 
indicators of the stability of the enterprise. On the basis of the Viaduct LLC enterprise, a natural 


experiment was performed on the calculations of the financial stability area. The indicators of 
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the enterprise’s financial stability coefficients for the 4th quarter of 2021 were applied. The 
simulation results showed the limits of the complex parameters of financial stability 
corresponding to the desired parameters of “financial stability”. In full, the mathematical model 
of the system for calculating the financial stability area can be presented as follows: 

kps = ks + ks + kj 


k3 
2<$<4 
k 
fs 


Discussion 
In the course of the study, modelling and algorithmisation of business processes was 
implemented to calculate the financial stability area for a small enterprise. In this regard, it is 
necessaty to develop this mathematical approach to modelling financial stability for large 


enterprises and holdings to digitalise this model to the global level of application. 


Conclusion 

Thus, within the framework of the study, the analysis of the development of numerical 
methods and algorithms of the processes of functioning of the enterprise was performed. 

In the first part, the authors describe the development of algorithmisation models and 
automatisation of calculations for modelling the enterprise’s financial stability and algorithms for 
their verification in EPC and IDEFO notations, as well as using the ABC methodology. 

In the second part, the authors provide a methodology for the development of quantitative 
indicators that will be used to model the financial stability area. In the course of modelling, the 
analysis to include calculations of a set of key indicators for determining the enterprise’s financial 
stability in a set of criteria for choosing an alternative was performed. The criterion of 
indifference was excluded from the criteria, because the study was conducted including the 
definition of a set of indicators of financial stability, in which an alternative with the maximum 
average result included in financial stability by definition is calculated. When obtaining a large 
set of indicators, it is proposed to introduce the triplicity principle of final indicators into the 
algorithm at each stage of calculations. Thus, each of the eight coefficients in the final form is 
represented as three indicators, forming a more specific and optimal set of 24 final indicators of 
financial stability, forming financial stability areas. The approbation of this methodology on the 
materials of the economic indicators of Viaduct LLC for the 2021 financial year confirmed its 
effectiveness and compliance with the financial analysis of the enterprise according to the 
accounting documentation. 

In the third part, the authors present the developed methodology of mathematical modelling 
of calculating the financial stability area as a mathematical system that includes all eight main 
coefficients accepted as parameters of financial stability, and includes the limits that correspond 
to the economic indicators of the stability of the enterprise. Based on the Viaduct LLC, a natural 
experiment was performed on the calculations of the financial stability area. The indicators of 
the enterprise’s financial stability coefficients for the 4th quarter of 2021 were applied. The 
simulation results showed the limits of the complex parameters of financial stability 


corresponding to the desired parameters of “financial stability”. Variants of the mathematical 
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model for calculating the financial stability area have been successfully tested on the basis of the 


Viaduct LLC. 
DEvFAQ 
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Appendix 


Financial Stability Drawing data "24" on 
Calculation Order a functional graph 


Step-by-step 
calculation of optimal 
indicators according 
to ABC methodology 


Statistic data 


Calculation of the 
multiplicity of 
indicators by 

coefficients 


Coefficients of key 
indicators 


Figure 1. Example of creating a business process algorithm for generating the financial stability area 
of an enterprise in EPC notation 


Statistic data ] 


Calculation of Calculation of Sampling of the 
coefficient the autonomy Ka according to 
indicators coefficient the ABC method 


Statistic data ] 


Calculation of Sampling of Entering data 
the ratio of own the Kogr into the Calculation 
and borrowed according to the calculation matrix 
funds ABC method matrix 


Criteria of Criteria of 

maximax maximax 
mid mid 

minimin minimin 


Figure 2. An example of creating a business process of algorithm for generating a calculated matrix 
of data coefficients of enterprise’s key indicators in IDEF notation 


Art. 1310 Art. 1320 Art. 1350 Art. 1370 


Figure 3. Algorithm for calculating equity 
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00 || a 


Figure 4. Algorithm for calculating total assets 


Art. 1310 Art. 1320 Art. 1360 


Art. 1100 


Figure 5. Algorithmisation and automatisation model for calculating the financial autonomy coefficient 


Figure 6. Algorithm for calculating borrowed funds 
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Art. 1410 


Art. 1320 Art. 1360 Art. 1370 


Figure 7. Algorithmisation and automatisation model for calculating the coefficient of own and 
borrowed funds 


Art. 1130 Art. 1140 


Art. 1120 
Art. 1110 


Art. 1180 


Figure 8. Algorithm for calculating non-current assets 


Art. 1210 Art. 1220 Art. 1240 Art. 1250 Art. 1260 


Figure 9. Algorithm for calculating current assets 
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Art. 1600 Art. 1700 


Figure 11. Algorithm for calculating the 


Figure 10. Algorithmisation and 
currency balance 


automation model for calculating 
the coefficient of provision with 
own working capital 


+e -G 


2 
ie] 


Figure 12. Algorithmisation and Figure 13. Algorithmisation and 
automatisation model for calculating the automation model for calculating the 
financial stability coefficient coefficient of equity maneuverability 


Art. 1500 
Art. 1500 YW: Art 2110 
Figure 14. Algorithmisation and TER 


automation model for calculating the 
Figure 15, Algorithmisation and 


coefficient of solvency 
automation model for calculating the 
coefficient of short-term debt 


<A 


Figure 16. Algorithmisation and 
automatisation model of calculation of 
the coefficient of current liquidity 


Initiation of the 
process 


Entering data into 
the matrix 


Figure 17. Business process diagram of the algorithmisation model for all eight financial stability 
calculation coefficients 


Table 1. Indicators of economic coefficients of the Viaduct LLC enterprise by the end of 2021 
Coefficient Mini Mid Maxi 
The coefficient of autonomy Ks 0.5 0.6 0.7 


The coefficient of own and borrowed funds 


The coefficient of the enterprise’s own working capital 
The coefficient of financial stability 

The coefficient of equity’s maneuverability 

The coefficient of solvency 


The coefficient of short-term debt 


The coefficient of current liquidity 


Table 2. Definition of mathematical notation for the financial stability area system (FSA) 


Coefficient Economic Mathematical 
ee ee 
[Tie coeficentoFautonomy ——SSSSCS~dSSSCéR She 
[The coetcent of own and bonowed finde | _Rowr =| ks —s 


The coefficient of the enterprise’s own working capital 


The coefficient of solvency 
The coefficient of short-term debt 
The coefficient of current liquidity 


k 
k, 


Safs 
Ss 
Spfs 
The coefficient of financial stability Kes ke. 
The coefficient of equity’s maneuverability 
Ss fs 
kiss 
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Table 3. Definition of mathematical designations of economic indicators for calculating financial 
stability coefficients 


Indicator Economic Mathematical 
notation notation 
Indicator of equity EQ leq 
Indicator of total assets TA ita 
Indicator of borrowed funds BF log 
Indicator of the source of funding FS ifs 
Indicator of non-current assets nCA Inca 
Indicator of current assets CA lea 
Indicator of long-term borrowed funds LBF lt 
Indicator of currency balance CB lep 
Indicator of the amount of current liabilities CLA lola 
Indicator of average monthly revenue AMR lame 
Indicator of total borrowed funds TBR ltr 


Table 4. Limits of efficiency indicators of coefficients 


Coefficient Economic | Mathematical | Mini Maxi Limits 
notation notation 
The coefficient of autonomy Ka Kags 0.5 0.7 (0.5, 0.7) 
The coefficient of own and borrowed Kosr Kets 0.5 0.7 (0.5, 0.7) 


funds 


The coefficient of the enterprise’s own Kgowc Koss 0.2 0.4 (0.2, 0.4) 
working capital 


The coefficient of financial stability | Kes | ke | 08 | 1 | (0.8, 1) 


The coefficient of equity’s Ken Kents 0.3 0.6 (0.3, 0.6) 

maneuverability 

The coefficient of solvency (0.5, 0.7) 
Ksrp Kars 0 


The coefficient of short-term debt 0.2 (0, 0.2) 
The coefficient of current liquidity Ker kis 1 1 (1) 


24 


Table 5. Quarterly indicators of financial stability coefficients of Viaduct LLC for the fiscal year 2021 


Economic Mathematical | Quarter 1 Quarter 2 Quarter 3 Quarter 4 


notation notation 
Ka Kats 0.59 0.51 0.61 0.55 
Kopr kes 0.62 0.66 0.69 0.58 
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